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(54) Method and circuit arrangement for Implementing inter-syetem synclironization in a 
muftlmode device 



(57) A method is presented for implementing syn- 
chronization between the timing of a first telecommuni- 
cation system and the timing of a second telecommuni- 
cation system. A first counter value is regularly updated 
at a pace determined by the first teleconrimunicatlon sys- 
tem and a second counter value is regularly updated at 



a pace determined by the second telecommunication 
system. At a first time instant the current first count r 
value is stored. At a second, later time instarit the stored 
counter value is read. Using the read counter value an 
operational step is timed so that its timing in relation to 
the timing of the first telecommunication system is 
known. 
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Description 

[0001] The invention concerns generally the timing ar- 
rangements that determine the relations between the 
op ration of a telecommunication device and a time 
base of a telecommunication system. Especially the in- 
vention concerns such timing arrangements in a situa- 
tion where a single telecommunication device may op- 
erate In at least two telecommunication systems which 
have separate time bases. Digital cellular radio net- 
works are dealt with as exemplary telecommunication 
systems. 

[0002] The concept of a frame period in one form or 
cunother constitutes the basis for most timing arrange- 
ments in a majority of telecommunication systems, al- 
. though the definitions for a frame may vary. A frEmne Is 
generally a piece of information that can be handled 
separately. A frame period is a time period of constant 
length and it represents the time which is available for 
handling a single frame. For example in the known GSM 
system (Global System for Mobile communications) 
there have been determined the concepts of a logical 
frame and a transmission frame: a logical frame is the 
piece of Information that represents a speech period of 
20 ms, and a transmission frame is a cyclically repeated 
time interval of approximately 4.615 ms that determines 
the radio transrnission and reception turns of the base 
stations and mobile terminals. When synchronization 
between different telecommunication systems is con- 
tennplated, the timing and mutual arrangement of trans- 
mission frames is of primary importance. 
[0003] Fig. 1 Illustrates a known arrangement for 
maintaining transmission frame, synchronization in a 
mobile terminal of a digital cellular radio network. The 
radk) transceiver 101 of the mobile terminal comprises 
a voltage controlled oscillator or VCO 1 02 and an auto- 
matic frequency control unit or AFC unit 103 for main- 
taining the oscillation frequency of the VCO exactly at a 
certain value which is determined by the base station 
(not shown) with which the mobile terminal is communi- 
cating. A derivation block 1 04 converts the frequency of 
the VCO into a suitable lower frequency known as the 
Frame Time Counter input clock or FTC input for short. 
The derivation block niay be a single functional block or 
it may consist of distributed frequency division and/or 
multiplication units. The FTC input frequency is typically 
very closely related to the symbol or chip frequency: it 
may be for example four or eight times the symbol or 
chip frequency. It is conducted to a Frame Time Counter 
or FTC 1 05 which Is simply a counter the value of which 
is incremented by one per each period of the FTC input. 
[0004] The length of a frame period has been stored 
in a Frame Length Register or FLR 1 06, and comparison 
means 107 are arranged as a part of or in close asso- 
ciatk>n with the FTC to compare th value of th FTC 
against the stored frame length In the FLR. Each time 
the FTC reaches the value that corresponds to the 
stor dfram length, the FTC is r set and the value of a 



Frame Counter or FC 108 is incremented by one. The 
purpos of the FC is to keep track of the unique Identi- 
fication number of the current frame. It may contain ei- 
ther the full number of each frame or a shortened 
s number in which latter case It is on the responsibility of 
other parts of the timing arrangement to rnap the current 
shortened value in the FC to a full identification number 
of the current frame. 

[OOOS] An Interrupt Timing Register or ITR 109 is pro- 
10 vided for storing the value(s) of the FTC that require in- 
terrupts to be generated. There may be also multiple 
ITRs. Each time the corresponding comparison means 
110 detect that the value of the FTC equals a value 
stored In (one of) the ITR(s) they will generate an inter- 
rupt to a processor 111. The operatbn of the processor 
Is determined by the software 112 which the processor 
is executing: one of the functions of the software Is to 
detect and identify ttie interrupts and to take whatever 
action that has been associated with a certain interrupt. 
There is also a connection from the processor to the FC 
108. 

[0006] The system of Fig. 1 is only applicable for inv 
plementing the frame synchronization of one teleconrt- 
munication system. Currently the mobile temninals of 
digital cellular radio networks are evolving towards mul- 
tinrxxde operation which means that a single temnlnat 
should be able to selectabiy communicate with at least 
two different teleconrununication systems with no conr>- 
mon time base. Handovers from one system to another 
shoukj be as seamless as possible, and while a terminal 
is communicating with one system it should be able to 
perform synchronized signal strength measurements 
and other operations in the other system(s). There ex- 
ists therefore a need for a frame synch ronization system 
Uiat would simultaneously provide exact synchroniza- 
tion informatbh relating to at least two telecommunica- 
tion systems. 

[00071 Fig. 2 Illustrates an obvious modification to the 
system of Fig. 1 to enable double-mode frame synchro- 
nization. It has been assumed that a single VC0 1 02' In 
a certain transceiver 101' is used as the source for tiie 
timing signals. There are provided, in parallel, two d r- 
ivatlon blocks 104', two FTCs 105'. two FLRs 106', two 
FCs 108', two ITRs 109* and two comparison means 
107' and 110*. The processor 111 executes a first soft- 
ware 201 to comply with the requirements of a first tel- 
ecommunicatlori system and a second software 202 to 
comply with the requirements of a second telecommu- 
nication system. The processor receives interrupts from 
both frame synchronization circuit arrangements, and 
"soft' comparisons are made between the interrupt mo- 
ments to determine the mutual relations of the frame tim- 
ings. The idea can be generalized to multimode termi- 
nals by adding parallel synchronization circuit arrange- 
mente and interrupt lines to the processor 
[0008] The drawback of tiie system of Fig. 2 Is its de- 
pendency on software executbn and Interrupt signals. 
Even with real time operating systems it is difficult to 
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make a processor react to two drfferent interrupts with 
exactly the same time constant, whereby rror is intro- 
duced into the synchronizatbn arrangement. Even if the 
processor would react promptly to all interrupts there 
may be different delays outside the processor In th 
generation of the interrupts, and in a practical case the 
outside delays will add up with the internal Interrupt de* 
tection and response uncertainties to produce an unpre- 
dictable source of timing errors. 
[0009] It Is an object of the present Invention to pro- 
vide a synchronization method and arrangement for re- 
alizing multrmode frame synchronization with high ac- 
curacy. A further object of the invention is to provide 
such a synchronization method and arrangement with 
reasonably low circuit complexity and current consump- 
tion. An additional object is to provide the synchroniza- 
tion arrangement in a form that is readily produced in 
the-fomrrCr an-integrated eireuit. 
[0010] The objects of the Invention are achieved by 
latching a snapshot of the values of certain frame timing 
counters and frame counters into a register at known 
time Instants. ■ 

[0011] it is characteristic to the circuit arrangement 
according to the Invention that It comprises 

- a first counter and a second counter, 

first snapshot storage means responsive to a first 
triggering signal for storing the value of saki first 
counter that coincides with the reception of said first 
triggering signal and 

a processor for reading the stored value of said first 
counter and for timing an operational step so that 
its timing in relation to the timing of a first teiecom- 
municatk>n system is known. 

[0012] The invention applies also to a method com- 
prising the characterlstk: steps of 

a) regularly updating a first counter value at a pace 
determined by the first telecorrimunicatton system, 

b) regularly updating a second counter value at a 
pace detemiined by the second telecommuntoatton 
system, 

c) at a first time instant storing the current first coun- 
ter value. 

d) at a second, later time instant readin g the counter 
value stored at step c) and 

e) using the counter value read at step d) to time an 
operational step so that its timing in relation to the 
timing of the first telecommunication system is 
known. 

[001 3) Additionally the invention applies to a radio tel- 
ecommunication devtee for communicating with a first 
telecommunication system and a second telecommuni- 
cation system. It Is characteristic to the radio telecom- 
munication device that it comprises 



a first counter responsive to the frame time counter 
input clock generated In a first radio transceiv r, 
a second counter responsive to the frame time 
counter input clock generated in a second radk> 

5 transceiver, 

first snapshot storage means responsive to a first 
triggering signal for storing the value of said first 
counter that coincides with the reception of said first 
triggering signal and 

10 ' a processor for reading the stored value of said first 
counter and for timing an operational step so that 
its timing in relation to the timing of the first telecom- 
munication system is known. 

IS [0014] According to the Invention there Is provided a 
first frame synchronization arrangement for keeping 
track of the frame timing of a first telecommuriication 
systerri, and a secondirame synchronization arrange- 
ment for keeping track of the frame timing of a second 

20 telecommunication system. Snapshot storage means 
are provided for temporarily storing exact values that de- 
scribe the state of at least one frame synchronization 
arrangement at a given time instant. The snapshot stor- 
age means are responsive to certain triggering| signals 

2S so that said given time instants will correspond to the 
issue of the triggering signals. 

[0015] Several aitematives are available for the gen- 
eration of the triggering signals. According to a first al- 
ternative there are snapshot storage means for eiach 

30 frame synchronization arrangement and a processor 
will issue the triggering signals directly so that it will in- 
herently know the time instant which certain existing 
contents of the snapshot storage means will correspond 
to. There may even be only one triggering line through 

3S which a triggering signal will be conducted simultane- 
ously to all snapshot storage means. In a simplified ver- 
sion of the first alternative there is one frame synchro- 
nization arrangement without snapshot storage means 
and the processor will rely on frame synchronization in- 

40 formation from that frame synchronizatton arrangement 
in issuing the trigger commands to the existing snapshot 
storage means. 

[0016] According to a second alternative a first frame 
synchronization arrangement will issue a triggering sig- 

4S nat to the snapshot storage means of a second frame 
synchronizatbn arrangement at a time instant the rela- 
tion of which to the frame timing in the first frame syn- 
chronization arrangement is known. Redundancy may 
be introduced into the second alternative by cross-ex- 

so changing the triggering signals so that the first frame 
synchronizatbn an^ngement will trigger the snapshot 
storage means of a second frame synchronization ar- 
rangement and vice versa. 

[0017] According to a third alternative there is a sep- 
ss arate triggering signal generator that will issue trigg ring 
signals to all snapshot storage means either simultane- 
ously or according to a known schedule. 
[0018] Th novel featur s which are considered as 
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characteristic of the Invention are set forth in particular 
in th appended Claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional objects and advantages thereof, 
will be best understood from th following description of 
specific embodiments when read in connection with the 
accompanying drawings. 



Fig. 1 



Fig. 2 



Figs. 3a to 3c 



Figs. 4a and 4b 



Figs 5a to 5c 



Fig. 6a 



Fig. 6b 



Fig. 7 



Fig. 8 



illustrates a known single frame 
synchronization arrangement, 

Illustrates a known double frame 
synchronization arrangement, 

illustrate frame synchronization 
principles according to a first alter- 
native embodiment of the inven- 
tion, 

illustrate frame synchronizatksn 
principles according to a second 
alternative embodiment of the in- 
vention. 

illustrate frame synchronization 
principles (according to a third al- 
temative embodiment of the in- 
vention, 

is a more detailed lllustratbn of an . 
embodiment of the invention, 

is a more detailed illustration of 
another embodiment of the inven- 
tion, 

illustrates a telecommunication 
device according to the invention 
and 

is a schematic representation of a 
method according to the inven- 
tion. 



[0019] Figs. 1 and 2 have been dealt with |n the de- 
scription of prior art, so the following discussion of the 
invention will focus on Figs. 3a to 8. Like parts in the 
drawings will be referred to by same reference designa- 
tors. 

[0020] In Fig. 3a a first frame synchronization ar- 
rangement 301 and a second frame synchronization ar- 
rangement 302 are shown. In the following description 
the concept frame synchronization arrangement' will 
refer generally to a system that is capable of maintaining 
up-to-dat information about the current frame timing of 
a certain telecommunication system. If we compare to 
th described prior art arrangements In Figs. 1 and 2, 
such a frame synchronization arrangement would con- 
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sist of the FTC, FLR and FC blocks and their intercon- 
nections. As an input a frame synchronizatbn arrange- 
ment may receive a clock signal, and as an output it is 
capable of providing, at a given time instant, the current 
frame number and a position within that frame. 
[0021] In Fig. 3a each frame synchronizatk>n arrange- 
ment is coupled to a snapshot storage 303 and 304. A 
snapshot storage is a latched memory block responsive 
to a certain triggering signal. At the occurrence of a trig- 
gering signal the snapshot storage will store the current 
state at its input. For the rest of the time the contents of 
the snapshot storage may be read to find out the latest 
stored input state. The frame synchronization arrange- 
ments and their corresponding snapshot storages in 
Fig. 3a are arranged to store the frame toming informa- 
tion given by the frame synchronization arrangement at 
each occurrence of a triggering signal to the snapshot 
storage. 

P)022] A processor 305 is additionally provided in Fig. 
3a, coupled to each snapshot storage 303 and 304. On 
one hand the coupling enables the processor to read 
the contents of the snapshot storages at any given time 
instant, and on the other hand the processor is also cou- 
pled to the triggering inputs of the snapshot storages so 
that it may issue the triggering signals. To ensure that a 
triggering signal wit! reach both snapshot storages si- 
multaneously there is a single triggering line 306 that is 
connected to both snapshot storages. 
[0023] The arrangement of Fig. 3a operates accord- 
ing to the following explanation. Each frame synchroni- 
zation arrangement maintains current frame timing in- 
formation of Its own telecommunication system. At a giv- 
en time instant determined by the software executed by 
the processor, a triggering signal is given to both snap- 
shot storages. As a result the snapshot storages store 
a copy of the frame timing infomnation from both frame 
synchronization arrangements. At a certain later time In- 
stant the processor reads the contents of the snapshot 
storages and compares them against each other. This 
way the processor will find out the mutual timing rela- 
tions of the different telecommunication systems. As an 
example, the processor nnay note that a certain tim in- 
stant corresponded to symbol si of frame f1 in the first 
telecommunication system and to symbol s2 of frame f2 
in the second telecommunication system. At a certain 
even latertime instant the processor may repeat the trig- 
gering and reading steps to find out that this time symbol 
si* of frame fV of the first telecommunication system 
was concurrent with symbol s2' of frame f2' of the sec- 
ond telecommunbation system. By making a number of 
measurements and by extrapolating the detected trend 
of coexistent timing information the processor will soon 
be able to predict, which symbols in which frames will 
be concurrent in the near future, so that inter-system 
frame synchronization has actually been achiev d. 
[0024] The frame timing information may naturally be 
completely independent of symbols: the length of a 
frame may be determined in some arbitrary calculational 
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units, in whicli case the word 'symbol' in the foregoing 
explanation should simply b replaced by the expres- 
sion "calculatronal unit*. If there is a constant linear re- 
lation between the frame timing information of the two 
telecommunicatton systems, the prediction of a certain 
desired co-occurrence (for example the simultaneous 
occurrence of a frame border) is straightforward with two 
triggering and reading rounds. The nunnber of calcula- 
tional units passed between the two rounds in associa- 
tion with each telecommunication system is detected, 
and their quotient is used as a prediction factor that tells, 
how many calculational units associated with the first 
system correspond to a given number of calculational 
units associated with the second system. However, in a 
practical situation there will be random variations In the 
relation between the frame timing Information, so regu- 
lar triggering and reading rounds associated with a con- 
staniJy_updating.prBd!Gt!on-a!gorlthm will give thc-bcst 
result. Such algorithms are known as such from the field 
of predictive statistics. 

[0025] The arrangement od Fig. 3a is easily general- 
ized to multimode communication devices by adding 
more frame synchronization arrangements and their 
corresponding snapshot storages In parallel with the ex- 
isting ones and by coupling the triggering inputs of all 
snapshot storages to the common triggering line 306. 
[0026] Fig. 3b illustrates a slightly modified version of 
the system of Fig. 3a. Here the processor 305 has sep- 
arate triggering lines 307 and 308 to the snapshot stor- 
ages. This approach is more versatile because the proc- 

» essor nnay separately determine the triggering time in- 
stants for the different systems, but some of the accu- 
racy inherently present in the Fig. 3a system must be 

' sacrificed because it is difficult to time the operation of 
two independent output lines from a processor accord- 
ing to an exactly known schedule. The operation of the 
system of Fig. 3b may follow one of a number of alter- 
native patterns. For example, the processor may trigger 
both snapshot storages every now and then and make 
predictions based on the resulting observations. Alter- 
natively the processor may operate according to some 
known timing aspects of a first telecommunication sys- 
tem and trigger the snapshot storage of the other tele- 
communication system upon the occurrence of certain 
important events associated with the first telecommuni- 
cation system; after a handover from one system to an- 
other the roles would be changed. 
[0027] Generalization to multimode devices is again 
straightfonvard: the only difference to the previously ex- 
plained generalization of the Fig. 3a system is that there 
must bean independent triggering line to each snapshot 
storage. A combination of Figs. 3a and 3b is also pos- 
sible, in multimode devices with at least three snapshot 
storages: some of the snapshot storages may be cou- 
pled to a common triggering line while others have their 
own triggering lines. 

[0028] Fig. 3c illustrates a simplified embodiment 
where one frame synchronization arrangement 301 is 



directly coupled to the processor 305 without a snapshot 
storage, but the other 302 has one 304. Th processor 
305 gives the triggering signal to the existing snapshot 
storage 304 through line 309. This arrangement oper- 
5 ates according to the last altemative given above: the 
processor is continuously aware of the frame timing in 
the first telecommunication system and triggers the 
snapshot storage whenever it wants to find out the mu- 
tual timing ralatbns of the systems. 
10 [0029] A generalization of the Fig. 3c principle to mul- 
timode devices calls for one frame synchronization ar- 
rangement to have a direct connection to the processor 
while the others must be equipped with snapshot stor- 
ages. Any combination of common and/or independent 
IS triggering lines to the snapshot storages is possibi . 
[0030] Fig. 4a shows a slightly different triggering ap- 
proach: here again one of the frame synchronization ar- 
rangemeru&4Gris^coupl6dlO'tiie processor 305 without 
a snapshot storage while the other 302 has one 304, but 
this time the first frame synchronization arrangement 
401 is arranged to provide the triggering signal through 
line 406. The idea is that within the first frame synchro- 
nization arrangement 401 there has been stored an in- 
dication about which events in the frame timing of the 
first telecommunication system should cause a snap- 
shot to be stored about the simultaneous frame timing 
situation of the other telecommunication system(s). For 
example it may have been determined that each time 
when a frame timing counter in the first frame synchro- 
nization arrangement reaches a certain value (e.g. the 
one corresponding to a complete frame), the snapshot 
storage means Is used to store the corresponding frame 
timing information given by the second frame synchro- 
nization arrangement. The processor 305 has then the 
possibility to regularly read from the existing snapshot 
storage 304. how exactly did the "unknown" frame tim- 
ing in the second telecommunication system relate with 
the knovvn time instants associated with the first tele- 
communication system that caused the triggerings. 
[0031] The system of Fig. 4a Is most easily general- 
ized to multimode devices so that only a first frame syn- 
chronization arrangement does not have a snapshot 
storage, and this particular frame synchronization ar- 
rangement issues the triggering commands to the snap- 
shot storages of the other frame synchronlzatkvi ar- 
rangements according to a known schedule that is 
bound to the frame timing of the first telecommunication 
system. 

[0032] Fig. 4b illustrates the introduction of redundan- 
cy into the principle of Fig. 4a. Here there are two frame 
synchronization arrangements 401 and 402, each of 
them having a snapshot storage 303 and 304 and each 
of them also being equipped to trigger the snapshot stor- 
age of the other frame syrichronizatbn arrangement 
through lines 406 and 407. An advantageous way of x- 
plolting the system of Fig. 4b is to make both frame syn- 
chronization arrangements generate a triggering signal 
at the completion of a frame, whereby the processor 305 



25 



30 



ss 



40 



4S 



SO 



S 



9 



EP1 030 477 A2 



10 



may at any time read from the snapshot storage means 
303 and 304, how was the frame timing of one telecom- 
munication system last time related to the frame border 
of the other telecommunication system. 
[0033] The principle of Fig. 4b may be generalized to 
multimode devices by. chaining the triggering signals: 
the first frame synchronization arrangement triggers the 
second snapshot storage, the second frame synchroni- 
zation arrangement triggers the third snapshot storage 
and so on until the the N:th frame synchronization ar- 
rangement triggers the first snapshot storage; here N is 
a positive integer greater than or equal to 3. 
[0034] Figs. 5a to 5c illustrate alternative triggering ar- 
rangements where the triggering signal comes from a 
separate trigger generator circuit 501 which may have 
a trigger synchronization connection to the processor 
305. In Fig. 5a the processor operates according to the 
constantly known timing of the first telecommunication 
system and gives corresponding triggering instructions 
to the trigger generator circuit 501 so that it will correctly 
trigger the existing snapshot storage 304 through line 

506. In Fig. 5b the trigger generator circuit 501 has the 
possibility to give independent triggering signals to both 
snapshot storages 303 and 304 through lines 5C^ and 

507, and In Fig. 5c a common triggering line 508 is used 
to simultaneously trigger both snapshot storages. Gen- 
eralization to multimode devices is again straightfor- 
ward. 

[0035] Fig. 6a illustrates a more detailed implementa- 
tion of the principle introduced above in connection with 
Fig. 3a. The circuit arrangement comprises three main 
blocks, narnely a first logic block 601, a second logic 
block 602 and a DSP or digital signal processor 603. 
The division into blocks is illustrative and does not place 
any limitations to the location of corresponding compo- 
nents in certain physical entities. Each logic block cor- 
responds to a certain telecommunication system: in Fig. 
6a we have assumed that the first telecommunication 
system Is a WCDMA system (Wide-band Code Division 
Multiple Access) like that which has been accepted as 
a part of the UMTS specification (Universal Mobile Tel- 
ecommunication System), and the second telecommu- 
nication system is a GSM system. The DSP is able to 
run both a WCDMA software 604 and a GSM software 
605. To this end it needs synchronization information in 
the forni of frame time counter readings from the WCD- 
MA logic block 601 and frame time counter and frame 
counter readings from the GSM logic block 602. 
[0036] For providing the required synchronizatbn in- 
formation each logic block comprises af rame time coun- 
ter or FTC 606, 607. The GSM log» block also compris- 
es a frame counter or FC 612 and a connection from the 
FTC to the FC for advancing the frsmfie count at each 
resetting of the FTC. Each logic block will probably also 
comprise a frame length register or FLR.608. 609 and 
an interrupt timing register or ITR 610, 611, but these 
are not directly associated with the present invention. 
The WCDMA logic block 601 comprises a single latch 



613 and an FTC snapshot memory or FCTS 61 4 for tem- 
porarily storing FTC readings. Correspondingly ths 
GSM logic block 602 comprises a double latch 615, an 
FTC snapshot memory or FCTS 616 and an FC snap- 
5 shot memory or FCS 617 for temporarily storing both 
FTC and FC readings. All combinations of a latch and 
a snapshot memory are responsive to a triggering signal 
coming from the DSP 603, and all snapshot memories 
are accessible to the DSP for reading their contents. 
10 [0037] The operation of the arrangement of Fig. 6a 
goes as follows. The FTCs 606, 607 and the FC 612 
operate in a known manner which has been explained 
in the description of prior art. The generation of the re- 
quired FTC inputs (not shown) is outside the scope of 
IS the present invention but well within the capabilities of 
a person skilled in the art. At a certain time Instant the 
DSP 603 issues a triggering signal to the latches 613 
and 615. As a response the latches transfer a copy of 
the current FTC and FC readings to the respective snap- 
shot memories 614, 61 6 and 617. At a certain later time 
instant the processor reads the contents of the snapshot 
memories to find out, what FTC and FC values in the 
GSM system cotncded with a certain FTC value in the 
WCDMA system or vice versa. The round of triggering, 
transfering and reading may be repeated an arbitrary 
number of times. 

[0038] In a simplest possible circuit arrangement the 
snapshot memories are each arranged to store only one 
value, whereby a sutssequent triggering signal wOl 
cause the previously stored value to be erased upon the 
storage of a new value. In a slightly more complicat d 
embodiment of the Invention each snapshot memory is 
an array of distinct memory locations, whereby a 
number of subsequently stored readings are available 
at any given time, if the arrays are cyclically arranged, 
storing a new value will only cause the erasure of the 
oldest previous value. 

[0039] The software executed by the DSP deter- 
mines, how the DSP will exploit the stored FTC and FC 
values. If the storing of multiple FTc and FC values Is 
possible, the processor may even issue a whole series 
of triggering signals to fill the snapshot memories and 
only thereafter start reading their contents. The pointers 
that determine the reading and writing locations in ar- 
rayed snapshot memories must naturally be synchro- 
nized so that each stored reading in a first snapshot 
memory corresponds unequivocally to certain other, si- 
multaneously stored readings In the other snapshot 
memories. 

[0040] Fig. 6b correponds to Fig. 6a what comes to 
the existence of the components, but the connections 
for issuing the triggering signals follow the principle of 
Fig. 4b. The FTCs 606' and 607* are each arranged to 
issue a triggering signal to the latch of the other logic 
block upon resetting, and the processor 603' is not re- 
sponsible for Issuing any triggering signals but has been 
programmed to acknowledge the fact that each snap- 
shot memory will contain readings that correspond to 
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previous FTC reset(s) In the other telecommunication 
system. Th above-given considerations regarding the 
use of single or arrayed snapshot memories apply. 
[0041] Fig. 7 Is a schematic illustration of a dual band 
mobile telephone where a first transceiver block 701 and s 
a second transceiver block 702 share a common anten- 
na 703 through a band separation block 704. The base- 
band processing related to both operation bands takes 
place in a digital signal processor 705. and to provide 
synchronization informatbn to it there are a first syn- io 
chronization logic block 706 and a second synchroniza- 
tion logic block 707. Each transceiver provides a timing 
input to one of the synchronization logic blocks. A 
speech codec block 708 is provided for coupling the 
DSP to a loudspeaker 709 and a microphone 710. The is 
structure and operation of blocks 705, 706 and 707 cor- 
respond to the above-given discussion of the ariange- 
TRsnt otFig. 6a. 

[0042] Fig. 8 illustrates such a method according to 
the invention which is applicable within the arrange- 20 
ments of Figs. 3a, 3b, 4b. 5b and 5c. There are actually 
three different method loops which may operate even 
quite independently from each other. The loop through 
states 601, 802 and 803 corresponds to maintaining a 
FTC value or some other synchronization information 2S 
that is relevant to a first telecommunication system, 
waiting for a trigger signal and at the reception of one 
storing the current value of the synchronization informa- 
tion. The similar loop through states 811, 812 and 813 
corresponds to performing the same operations with re- so 
spect to a second telecommunication system. In the 
third loop state 821 corresponds to reading a number of 
stored values and state 822 to performing some kind of 
synchronization on the basis of the information read at 
state 821 . The synchronization may mean for example 35 
finding out the frame timing of a second telecommuni- 
cation system and executing a measurement round or 
location update in the second telecommunication sys- 
tem exactly when there is a prescribed time for that even 
when the timing of operations is otherwise dictated by 40 
the needs of the first telecommunication system. 
[0040] The above-given specific embodiments of the 
invention are naturallly only exemplary and they do not 
limit the applicability of the invention within the coverage 
of the appended claims. 45 



Claims 

1. A method for implementing synchronization be- so 
tween the timing of a first telecommunication sys- 
tem and the timing of a second telecommunication 
system, characterized in that it comprises the 
steps of 

55 

a] regularly updating a first counter value at a 
pace determined by the first telecommunication 
system, 



b) regularly updating a second counter value at. 
a pace determined by th second t lecommu- 
nication system, 

c) at a first time instant storing the current first 
counter value, 

d) at a second, later time instant reading the 
counter value stored at step c) and 

e) using the-counter value read at step d) to 
time an operational step so that its timing In re- 
lation to the timing of the first telecommunica- 
tion system is known. 

2. A method according to claim 1 , characterized in 
that as a part of step c) It comprises the step of stor- 
ing the current first and second counter values. 

3. A method according to claim 2, characterized in 
ihat'the storing of the current first and second c^ 
ter values takes place as a response to a common 
triggering signal. 

4. A method according to claim 1 . characterized in 
that additionally comprises the steps of 

c*) at a third time instant storing the current sec- 
ond counter value, 

d') at a fourth, later time instant reading the 
counter value stored at step c') and 
e*) using the counter value read at step d') to 
time an operational step so that its timing in re- 
lation to the timing of the second telecommuni- 
cation system is known. 

r 

5. A method according to claim 4, characterized in 

that said third time instant Is the same as said first 
lime instant. 

6. A method according to claim 1 , characterized in 
that it additk)nally comprises the steps of 

c") at multiple time instants following said first 
time instant storing the current first counter val- 
ue. 

d") reading the counter values stored at stepc") 
and 

e") at step e) using additionally the counter val- 
ues read at step d") to time an operational step 
so that its timing in relation to the timing of the 
first telecommunicatksn system is known. 

7. A circuit arrangement tor implementing synchroni- 
zation between the timing of a first telecommunica- 
tion system and the timing of a second telecommu- 
nication system, characterized in that it comprises 

a first counter and a second counter, 

first snapshot storage means responsive to a 

first triggering signal for storing the value of said 
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first counter that coincides with the reception of 
said first triggering signal and 
a processor tor reading the stored value of said 
first counter and for timing an operational step 
so that its timing in relation to the timing of the 
first telecommunication system Is known. 

8. A circuit arrangement according to claim 7, charac- 
terized In that it additionally comprises second 
snapshot storage means responsive to a second 
triggering signal for storing the value of said second 
counter that coincides with the reception of said 
second triggering signal. 

9. A circuit arrangement according to claim 8» charac- 
terized in that said second snapshot storage 
means are responsive to the same triggering signal 
as said first snaj3shot storage means. 

1 0. A circuit arriangement according to claim 9, charac- 
terized in that said processor is arranged to issue 
the combined first and second triggering signal. 

11. A circuit arrangement according to claim 8, charac- 
terized in that it comprises means for generating 
said first triggering signal as a response to a certain 
predetermined state of said second counter and 
means for gisnerating said second triggering signal 
as a response to a certain pradetenmined state of 
said first counter 

12. A circuit arrangement according to claim 7, charac- 
terized in that said first snapshot storage means 
are arranged to store multiple values of said first 
counter. 

1 3. A circuit arrangement according to claim 7, charac- 
terized in that it comprises, outside said processor, 
a triggering signal generator for generating said first 
triggering signal. 

14. A radio telecommunication device for communicat- 
ing with a first telecommunication system and a sec- 
ond telecommunication system, comprising a first 
radio transceiver and a second radio tranceiver and 
within each radio transceiver means for generating 
a frame time counter input clock, characterized In 
that it comprises 

a first counter responsive to the frame time 
counter input clock generated in the first radio 
transceiver, 

a second counter responsive to the frame time 
counter Input clock generated in the second ra- 
dio transceiver, 

first snapshot storage means responsive to a 
first triggering signal for storing the value of said 
fir t counter that coincides with the recepti n of 



said first triggering signal and 
a processor for reading the stored value of said 
first counter and for timing an operational step 
so that its timing in relatk>n to the timing of the 
5 first telecommunication system is known. 
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